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Abstract. This paper describes a modelling study of sev-the organic peroxy radicals, which accounted for a signifi-
eral HQ, and NQ, species (OH, HQ, organic peroxy radi- cant fraction (median: 15%) of N{as-phase removal, par-
cals, NG and NOs) in the marine boundary layer. A model ticularly in the presence of high concentrations of dimethyl
based upon the Master Chemical Mechanism (MCM) wassulphide (DMS).
constrained to observations of chemical and physical param-
eters made onboard the NOAA ship RBfown as part of
the New England Air Quality Study (NEAQS) in the sum- ]
mer of 2004. The model was used to calculate [OH] and tol  Introduction
determine the composition of the peroxy radical pool. Mod- ) ) ) )
elled [NOs] and [N;Os] were compared to in-situ measure- I?roductlon and Iqss of radical species control the oxida-
ments by Cavity Ring-Down Spectroscopy. The comparisontion Of tropospheric trace gases, such as CO4 @kt Non
showed that the model generally overestimated the measurd/€thane Hydrocarbons (NMHCs). The sources of these
ments by 30-50%, on average. radicals vary greatly within a dlgrn_al cycle. _OH, Wh_lch is
The model results were analyzed with respect to severaloStly derived from @ photolysis, is a dominant oxidant
chemical and physical parameters, including uptake of NO during day-time, while N@is an important oxidant of cer-
and NOs on fog droplets and on aerosol, dry deposition tain species during the night. 3Qtself serves as an oxi- .
of NOs and NoOs, gas-phase hydrolysis of /s and re- dant for some glasses of compoum_js, such as alkenes and_dl-
actions of NQ with NMHCs and peroxy radicals. The re- alkenes, at all times of day. In marine enqunments, atomic
sults suggest that fog, when present, is an important sinihlorine (Cl) may also play a role, though its sources and
for N»Os via rapid heterogeneous uptake. The compari-Production rates are less certain. _ _
son between the model and the measurements were consis-NO3 is formed by the reaction of ozone and nitrogen diox-
tent with values of the heterogeneous uptake coefficient ofde (ReactiorR1), butis present in significant concentrations
N,Os (VN205)>1><10_2, independent of aerosol composition only during thg night, since it reacts with NO and.undergoes
in this marine environment. The analysis of the different loss'@Pid photolysis\(Vayne et al.1991. NOs reacts with NQ

processes of the nitrate radical showed the important role of? @ thermal equilibrium proces&g) to form NOs (Wayne
et al, 1991 Osthoff et al, 2007).
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BY (steven.s.brown@noaa.gov) NOs3 + NO, = N»Os (R2)
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the Gulf of Maine, along the coasts of Massachusetts, New
Hampshire, Maine and Nova Scotia and inside Boston harbor
(Fig. 1). Both relatively unpolluted air masses from the North
Atlantic and polluted air masses from the East coast of the
United States and Canada were sampled, as well as biomass
burning plumes that had been transported across the North
American continentWarneke et a).2009.

Section2 of this paper describes the model. In S&dthe
modelled concentrations of OH, H@nd RQ and the com-
position of the peroxy radical pool are described. In Séct.
the model results for N9and N>Os are compared with the
measurements and the discrepancy is investigated. InSect.
the model response to some key uncertainties of thg NG
N2Os loss mechanisms are discussed. In Sédhe gas-

Fig. 1. Map of the Northeast of the United States showing the trackphase chemistry of N§and its interaction with R@under

of the R/VBrownduring the NEAQS 2004 cruise (13 July-12 Au- different conditions are investigated.
gust).

{ July and 12 August 2004. The RBRfowncruised throughout

—— Ship Track
—— Urban Areas

2 The MCM box-model

NOs reacts mainly with alkenes, aldehydes, some aromaticd Ne model was built according to the procedure outlined
and dimethyl sulphideAtkinson and Arey2003 to produce N Carslaw et al(1999; Sommariva et al(200§ using a
peroxy and nitro-peroxy radicals. The subsequent reaction§hemical mechanism taken from the Master Chemical Mech-
of these peroxy radicals are mainly with RO, and NG anism (MCM, version 3.1). The MCM is an explicit chem-
itself, since NO is generally absent at night4t et al, 199Q ical mechanism for tropospheric chemistry, which contains
Allan et al, 200Q Atkinson and Arey2003. the detailed degradation schemes of 135 NMHCs, plus an
Many aspects of night-time chemistry, such as the connecl0rganic chemistry mechanism taken from the IUPAC Gas
tion between the HQand NG cycles, the interaction be- Klnetlcs Data EvaluationAtkinson et al, 2003. The mech-
tween the gas and the aerosol phases and the sinks fgr NCGRNST can be downloaded ettp:/mcm.leeds.ac.ulend the
and NOs, are still uncertain. The objective of this work details of the MCM can be found in the protocol papers by
was to use a detailed chemical box-model to test the curJeNKin etal(1997 2003; Saunders et a(2003.
rent understanding of the chemical processes in the marine !N this work, a subset of the MCM containing 88 NMHCs

boundary layer at night, with particular attention to the lossPIuS CHi and CO was used. The dimethyl sulphide (DMS)

processes of N@and NoOs. oxidation mechanism is not included in the MCM, so the
This paper presents model calculations of the concentraS@me DMS mechanl_sm used in previous wak(Slaw etal.
tions of OH and N@ from a ship-based field campaign 999 2002 Sommariva et a] 2004 200§ was added to the

(NEAQS 2004); the main focus of the work was on night- mpdel. This DMS mechanism is based upon thg works of
time radical chemistry, principally N©(and, by exten- Yin et al. (19903b); Koga and Ta”aki@,1993? Tumipseed ,
sion, NoOs), since there were in-situ measurements of thesebt 2l (1999 with many of the rate coefficients updated as in
species that could be compared with the model results. Thigenkln et_gl(lgga. ) )
paper also presents calculations of H&hd organic peroxy In addition to the gas-phase mechanlsm, the model in-
radicals (RQ) that provide estimates of the concentration of ¢/Ud€d uptake of gas-phase species on aerosol. The uptake
these radicals throughout the campaign. of a gas molecule on a particle is described by Ejj(Fuchs

The NEAQS (New England Air Quality Study) 2004 cam- and Sutugin1970:

paign took place in the Northeast United States during the Nwrécy

summer of 2004. It was part of a larger international cam-khet = 14 y[0475+0.2983<,1] @)
paign (International Consortium for Atmospheric Research n(Knt1D)

on Transport and Transformation, ICARTT), the aim of ~ Nmrcy = ééy @)
which was to study air quality in the northeastern US and 4

the transport and evolution of pollutants across the North At-where N is the particle number density,is the particle ra-
lantic. A complete overview of the campaign and of the mea-dius (um) ¢ is the mean molecular speed of the gas (ch) s
surements is presentedfiehsenfeld et a(200§. y is the uptake coefficient anﬁnzé is the Knudsen num-
The focus of this work was on the cruise of the NOAA ber (. is the mean free path of the gas in pm). When the
research vessel Ronald H. Brown (RBYfown), between 13  particle radius is much smaller than the mean free path of the
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gas K, —0), Eq. (L) can be approximated to E®)(where  ing [CH4] by £10% resulted, on average, in a variation of
A is the total aerosol surface area density §cm3). This <3% for OH and CHO,, while changing [HCHO] by-10%
approximation is valid when most of the aerosol surface areaesulted in a variation 0£2% for OH and<5% for HO,.

is in the sub-micron fraction, which was the case during the The photolysis rates of HONO, HN{DH>0,, CH3OOH,

R/V Brown cruise Quinn et al, 200§. Heterogeneous up- HCHO, CHCHO and CHCOCH; were calculated using
take of 34 gas-phase species was assumed to be irreversibdenpirical correlations with other measured photolysis rates.
and calculated using Eg2), For some species, a value of Parameters for these specific photolysis rates were developed
y could not be found in the literature, so the mass accomby comparing a linear combination fNO,) andj(O'D) to
modation coefficientd), which takes into account only the the photolysis rates calculated from measured actinic flux,
accommodation component of the uptake process, was usdiderature absorption spectra and quantum yields, as most ab-
instead Carslaw et a].1999 2002 Sommariva et al.2004 sorption spectra of photochemically important molecules are

2009. spectrally located between the regions whegadd NG
The model also included dry deposition termhs=¢/;/ h, photolyze (H. Stark, personal communication).
where V; is the deposition velocity in cntd and# is the The GC-MS sampled for 5min every half an hour. All

boundary layer height in cm) for)NO,, SO, HNO;3, hy- the other model constraints were averaged over 5min every
droperoxides, organic nitrates and carbonyls, as in previou80 min, so that all model inputs had the same frequency of
MCM models Carslaw et a].1999 2002 Sommarivaetal. the GC-MS data. Since radicals are short-lived, their con-
2004 2006. The boundary layer height was set to a constantcentrations are determined by the in-situ strengths of their
100 m for the entire campaign, based on sonde measuremergsurces and sinks rather than by transport. This assumption
made onboard the R/Brown (Angevine et al.20086. is valid for ground-based measurements and for platforms
The model was constrained to the measured values of CQnoving at slow speeds, such as a ship. Hence, the concentra-
CHa, NO, NGO, O3, SOy, H20, 88 NMHCs j(O!D), j(NO>), tions of radicals were calculated every 30 min from the mea-
j(NOs3), temperature, pressure, sun declination, latitude andured variables and from the concentrations of the intermedi-
longitude. The total aerosol surface area was calculated fromate species, calculated at each step starting from their value
the aerosol number-size distributions in the diameter rang®n the previous step. The model was integrated using the
of 0.02-10 pm measured at relative humidity (RH) of 60% FACSIMILE software packageh{tp://www.mcpa-software.
and corrected with a calculated RH-dependent growth factocom)).
(Tang 1997 Cruz and Pandj2000. The model was used to calculate [OH], [HICand or-
Methane, formaldehyde and molecular hydrogen were noganic peroxy radicals (R£), none of which were measured
measured on the R/\Brown during NEAQS 2004. Mea- during the campaign, and to calculate [BGnd [N2Os],
surements of Clltaken at the University of New Hamp- which were compared to the in-situ measurements by Cavity
shire Observing Station at Thompson Farm (near DurhamRing-Down Spectroscopy (CaRDBubé et al, 2006 Os-
NH, close to the study area; Fit)) were used in the model. thoff et al, 200§. The model results and the explicit chem-
During the period of the campaign, the average {Cidea-  istry of the MCM were then used to study the response of
sured at Thompson Farm was 188%885.2 ppb. Formalde- modelled N@ and NOs to several key kinetic parameters
hyde was estimated using a relationship with measured acand to analyze the sinks of NGnd N>Os, as described in
etaldehyde (25x[CH3CHOQO]+-0.46, with CHSCHO in ppb)  the following sections.
based upon the measurements in a marine environment by
Still et al. (2009. [H2] was set to a representative Northern
Hemisphere concentration of 500 ppHe@ard et al. 2006.

Most of the NMHCs were measured by Gas Chromatog-smce OH is the dominant day-time oxidant, an estimate of its

raphy coupled with Mass Spectrometry (GC- Idan concentration is critical to the interpretation of field measure-
et al, 2004 and some oxygenated compounds (such as

acetic acid) by Proton Transfer Mass Spectrometry (PIT—MS,mentS of other trace gases. Direct measurements of OH were

Warneke et a).2005. Since the GC-MS could not resolve not_ava|lable from the set of mstrumen_ts on the R¥dwn
: during NEAQS 2004. The concentrations of OH, together
all the isomers of xylenes and ethyl-methyl-benzenes, the ra- hth : f el p
tio between m-xylene and p-xylene and the ratio between g Ith the concentrations o H@Wd RQ’. were calculated for
the 26 days of the R/\Browncruise using the MCM model.

ethyl-3-methyl-benzene and 1-ethyl-4-methyl-benzene wer : . .
assumed to be 1:1. Test model runs showed that the ag[hese calculations serve to provide estimates for hydroxyl

. . : and peroxy radical levels, but also as a comparison to an-
sumptions and estimates on the concentrations of, CH, . 0 ) .
: other, simpler parametrization that has been used in previous
HCHO, xylenes and ethyl-methyl-benzenes did not affectthe’, ~. : .
) . . studies to calculate ambient OH in the absence of measure-
concentrations of the species of interest (OH, HBO;, ments
NOs, N2Os) in a significant way. The largest impact was ’
observed on day-time species and was due to methane and

formaldehyde: under the conditions of NEAQS 2004, chang-

3 Modelled concentrations of OH, HGQ and RO,

www.atmos-chem-phys.net/9/3075/2009/ Atmos. Chem. Phys., 9, 30932009
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Fig. 2. Measured @ photolysis rates and NO(top graphs) to-

3.1 OH

Several approaches, besides the use of box-models, have
been developed to estimate the concentration of OH in the
absence of measurementSarslaw et al(2000 derived a
steady-state solution for OH and HH@om a reduced box-
model and similar steady-state methods have been used by
other groups (seBavage et a12001, and references therein).

A simpler approach is to use a linear relationship between
[OH] and the solar zenith anglel&nisco et al.2001) or with
j(OD) (seeRohrer and Berreshein2006 and references
therein).Ehhalt and Rohref2000 proposed a more sophis-
ticated parametrization involvirjgO'D), j(NO,) and [NQy],
based on the measurements made during the POPCORN
(Plant Emitted Compounds and OH Radicals in Northeast-
ern Germany) 1994 campaign in a remote rural site in Ger-
many:[2mm]

b[NO2] + 1
c[NO2]? + d[NO2] + 1

[2mm] wherea, b, ¢, d, @ and 8 are empirical parame-
ters derived by fitting Eq.J) to the observations. Although
the Ehhalt parametrization was not intended to provide a
calculation of OH valid for all environments, it has often
been used as such because of its simplicity. For example,
it has been used for data interpretation during previous stud-
ies (e.g.Warneke et a).2004 Ambrose et al.2007 Stark

et al, 2007). Models based on the MCM in past studies (e.g.
Carslaw et a].1999 Sommariva et al2004 2006 typically
showed agreement with measurements in the MBL and have

[OH]=aj(O'D)*j(NO,)?

®)

gether with modelled and parametrized OH (bottom graphs) during?een able to reproduce measured [OH] to within 40%. A pre-

the R/VBrowncruise.
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Fig. 3. [OH] calculated with the Ehhalt parametrization vs. [OH]
calculated with the MCM model. The black line is the fit and the
red line is 1:1.
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vious study with a similar model showed that constraining
the model to measured acetaldehyde, methanol and acetone
resulted in better agreement with measured Sbinfmariva

et al, 2006. In this work, the “base” model was constrained

to 9 additional oxygenated compounds (acetic acid, ethanol,
i-propanol, propanal, butanal, pentanal, methyl ethyl ketone,
methacrolein and methyl vinyl ketone), which should further
improve the model performance. The estimated uncertainty
of the model for OH is 30—40%Spommariva et al 2004.

The use of a detailed model constrained to the in-situ mea-
surements of other atmospheric components should, in prin-
ciple, give a more precise estimate of the OH concentra-
tion than an empirical parametrization (e.g. Ehhalt, 8.
especially in environments with different conditions from
those upon which the parametrization has been derived (e.g.
the POPCORN campaign, in an environment that was com-
paratively unpolluted but rich in biogenic compounds). In
the absence of measurements, it is not possible to defini-
tively assess the accuracy of either the calculation or the
parametrization. However, the comparison with the results
of a detailed chemical model can give some measure of the
parametrization’s reliability. [OH] calculated with the Ehhalt
parametrization is shown in Fig.together with [OH] calcu-
lated by the MCM model. While occasionally lower than

www.atmos-chem-phys.net/9/3075/2009/
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Fig. 4. Modelled HG and RGQ during the R/VVBrowncruise.
the modelled OH (such as on 22 July), parameterized OH 1.0- 800
was typically higher than modelled OH, by about 20-40% . Solar Insolation
Fig. 3 S' g |~ HO/HO+RO, 9
(Fig. 3). x —— CH,0,/HO,+RO, 600 B
© —
3.2 HO,and RO, 2 061 g
S 400 =
) . © 0.4+
Modelled concentrations of peroxy radicals (Hé&nd RQ) 5 %
are shown in Figd. The composition of the total peroxy S 02 2003
radical pool (HQ+R0O,) changed throughout the cruise and
was different during the day and the night because of the dif- 0'86-00 600 1200 1800 00158
ferent sources, formation and loss mechanisms of these radi- ' ' GMT ' '
cals. The two most abundant peroxy radicals were typically N
HO, and CHO,. Figure5 shows the fraction of Hpand g Solar Insolation aoo
CH30; in the total peroxy radical pool (H&RGOy). On av- § 0.8 |7 CHs0,RO, 2
erage, during the day HOaccounted for about 50-70% and 2 —— CH,SCH,0,/RO, (6002
CH30; for about 20% of total peroxy radicals. At night, HO S“ 0.6+ g
accounted for only 10% or less of total peroxy radicals, while z 0al ’400%”-
CH30; for about 20-30% of total peroxy radicals (FB), %, ' 2
due to the faster decay of H@n the absence of NO (the rate O ool r2003
coefficient of HQ+HO, is approximately 7 times larger than o) =
the rate coefficient of CkDo+CH30,). 5 00+ : : -0
00:00 06:00 12:00 18:00 00:00

The modelled organic peroxy radical (R@ool was com-
posed of 795 organic peroxy radicals and was complex and

variable, depending on the concentrations of the differentrig. 5. Diurnally averaged modelled fractions of HOCH30, in
NMHCs precursors. The single most important componentotal peroxy radicals (HQFRO,) and of CHO,, CH3SCH,O5 in
was always CHO; (Fig. 5). During the day, CBO, ac- organic peroxy radicals (R during the R/VBrown cruise. The

GMT

counted for 30-60% of the organic peroxy radicals, while error bars are .

at night it accounted for 20-40%.
The most important formation pathways of ebb dur-

3079

ing the day were the reactions of @hvith OH and of  when either one contributed up to a factor of 2 more than the
CH3C(0O)0O2 (mostly from acetaldehyde reaction with OH) other and other days when the two reactions contributed al-
with NO, which together typically accounted for about 80% most equally to the formation of GJ@,. Another major con-

of the total day-time production of G3@,. The relative im-  tribution was the decomposition of the methylsulphonyl rad-

portance of these two reactions was variable, with some day&al (CHsS0y), a product of DMS oxidationRarnes et aJ.

www.atmos-chem-phys.net/9/3075/2009/

Atmos. Chem. Phys., 9, 30932009



3080 R. Sommariva et al.: Radicals in the marine boundary layer during NEAQS 2004

9
1.0x10" ‘— NO, (modelled) —8— NO, (measured) -~ NO, (steady—slale)‘ 8xl087
0.8 2
0.6 [
© 0.4+ g
£
3] (3]
e 027 =
E | [3) °
2 0.0 Q2
2 1.0x10" ]
E €
T 08 =
2 o6 S
) o
0.4 =
0.0 7 '\\M‘ T T T i ‘ 8
7113 7115 7117 7119 7121 7123 0 1 2 3 4 5 6 7 8x10
GMT
9
10x10° NO, (modelled) —8— NO, (measured) - NO, (steady-state)
0.8 | ®
0.6 g
© 0.4+ %
§ o
S 024 D
2 o
8 0.0- £
2 1.0x10° =~
N g
= 08 e
2 o
>
S
©
Q
n
' 8
7127 7129 7131 8/2 8/4 8/6 8/8 8/10 8/12 0 1 2 3 4 3 5 6x10
GMT Model / molecule cm

Fig. 6. Modelled (“base” model) and measured BlConcentra-  Fig. 7. Modelled vs. measured and calculated (with the steady-
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expression, Eg4) NO3 concentrations (bottom graphs) during the the R/VBrowncruise. The black lines are the fits and the red lines
R/V Browncruise. are 1:1.

4 Modelled and measured concentrations of N@and
N2Os
2006, which could account for up to 10% of the total day-
time CHO, production rate. During the night, this route was In-situ measurements of NCand NOs by Cavity Ring-
the single most important formation pathway for b3, and  Down Spectroscopy (CaRDS) were taken onboard the
accounted for almost all of G4, production on the nights R/V Brown (Osthoff et al, 2006 2009). Measurements
with large DMS concentrations. taken with a similar instrument during a previous campaign
in the same area (NEAQS 2002) could be compared only to
Besides CHO,, the composition of the ROpool re- the results of a steady-state model, described further below
flected the relative concentrations of anthropogenic or bio-(Aldener et al.200§. Here, we compare the measurements
genic compounds. Since the measurements were taken in@ NO3 and NOs to the results of the MCM model for all
marine environment, the products of the nocturnal oxidationthe 27 nights of the cruise.
of DMS, the most important of which was the gSCHO,
radical, were always significant contributors to the organic4.1 Model-measurements comparison
radical pool. During the day C¥CH,O, was a minor com-
ponent of the R@ pool, less than 5%, but during the night The modelled and measured concentrations of MQring
it often accounted for a large fraction of the organic peroxythe NEAQS 2004 R/\VBrown cruise are shown in Fig6.
radicals (20-60%, Figh). The composition of the peroxy The agreement between the model and the measurements
radical pool during some selected nights will be discussedvas variable, although the model overestimated the mea-
in detailed in Sect6, in relation with the chemistry of the sured concentrations of NGand NOs by 30-50%, on av-
nitrate radical. erage. Modelled and measured®§ showed the same

Atmos. Chem. Phys., 9, 3073693 2009 www.atmos-chem-phys.net/9/3075/2009/
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level of agreement as NO Although the model tended in Fog Surface Area  J(NO,) — NO, (base model)

general to reproduce the measured level ofsNf@ many . —— 10, (og mode) e O, (measurements) .
nights (Fig.6), the correlation between the model and the " e
measurements was rather poef=£0.49). The scatter plot 25+ | 008

in Fig. 3.2 clearly shows that the ratio between the model -

and the measurement was not constant and was higher ate

lower concentrations of N§(<2x 10® molecule cn3). At

higher concentrations, the ratio between the model and the 3

measurements was closer to one, but the data were very scat-=

tered, indicating that the model did not always reproduce the  °s-

variation in the observations. ool Lo Lo

While the reasons for the lack of correlation are not en- 200 oo o0 o o0 1200

tirely clear, one potential issue is the vertical stratification oMt

within the shallow (100 m) nocturnal marine boundary layer.

Under such conditions, vertical gradients and transport might_. . ., .

play an important roleJones et al.2005, as demonstrated, Fig. 8. Modelled (*base” and “fog” model) and measured N0

for example, in the one-dimensional modelling work by gn 29 July_and fog_surface area calculated assuming monodisperse
. . roplets with a radius of.3 um.

(Geyer and Stut22004). Such vertical gradients could lead

to differences between the zero-dimensional MCM model

and the measured NCand NOs. The zero-dimensional ot the fog surface area is quite uncertain, the uptake on fog

model assumed that the air within this boundary layer wasygplets would still be much faster than all the other loss pro-

mixed on the tim_e scale of the chemical tran_sformgtion Ofcesses for BOs for even a factor of 2-3 change in the esti-
the relevant species. We note only that zero-dimensional aps,ated fog surface area.

proaches have been successful in describing M&s bud-
gets and N@ and NOs sink budgets in previous analyses
of field measurements from the same regiBnogvn et al,
2004 Aldener et al.20086.

On some nights (e.g. 15, 18, 19, 20 July and 1, 4, 5, 6
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—0.04
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One potential reason for the discrepancy between the
model and the measurements is that the modelling approach
(Sect.2) might not be suitable for species with relatively
long lifetimes, such as Ngand NOs. If the time bewteen
two consecutive model inputs (30 min) was not enough to al-
9 August) the measurements of bIYWere below tr;e detec- 1o NO3 and NbOs to reach a steady-state, the model results
tion limit of the instrument (5x10"moleculecm®). The 514 not be reliable. In order to investigate this issue, the
model, however, calculated concentration of,;NIp toanor-  .oneentrations of N@and N:Os calculated with the MCM
der of magnitude higher than the instrument's detection limit ., ;4| \vere compared to the concentrations calculated by as-

(Fig. 6). On many of these nights, fog was present. An €S-\, ming 5 steady-state with respect to the production and loss
timate of the fog surface area was made using observatlonéf the two species

from the Aerosol Extinction Cavity Ring-Down Spectrom-
eter Baynard et aJ.2007). The uptake rates of N§Jand
N2Os on fog droplets were calculated with EQ) @ssuming

a monodisperse distribution of droplets with radius &ffrm
and using uptake coefficientg) of NO3 and NOs on pure
water droplets (@002 and M4, respectivelRudich et al.
1996 VanDoren et a].1990. The model was then run with
the additional constraint of uptake of N@nd NOs on fog
(“fog” model in Fig. 8).

The steady-state expressions (Eqvherekno, andkn,os
are the effective pseudo first-order rate coefficients for the
NOs and NOs sinks andK,, is the equilibrium constant of
ReactionR2) have been discussed previoushBirown et al.
(20033 and the details of the steady-state calculations made
for the R/V Brown NEAQS cruise can be found i@sthoff
et al.(2009. It is important to note that the steady-state cal-
culations used only measured NMHCs to calculate the sinks
- ) of NOs (kno,) and, therefore, deviations from the steady-
Figure8 shows the impact of fog on modelled YOn the state are ex;s)ected when part of the N®@activity was due

night of 29 July. Th(_e fog |:nodelnwas able to reproduce the 4, second-generation oxidation products not measured on the
measurements, while the “base” model overestimated the N Brown

by up to 80% (Fig8). The impact of fog on modelled [N£D

was mostly driven by the uptake 0685 on the fog droplets. [NOg]., = k3[NO2][Os] @)
As already noted b@sthoff et al (2009, the uptake of NOs Blss = kNoOs + kNy05 K eq [NO2]

on fog droplets was extremely rapid and, because of the dif{N,0g],, = Kq[NO2][NOg];

ference in the uptake coefficients, about two orders of mag-

nitude faster than the uptake of NO The estimated fog The steady-state approach has been widely used in previ-
surface area was up toxd0° unm?cm~2 and the effective  ous studies to interpret the measurements of M NOs
pseudo first-order rate coefficient for the uptake gl on (e.g.Platt et al, 1984 Allan et al, 1999 200Q Brown et al,

fog droplets (Eql) was up to 155~ 1. While our estimate 2003k Vrekoussis et al 2004 Aldener et al, 2006 and the
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Fig. 9. NO3 model-measurements discrepancy as a function of selected physical and chemical parameters (ASA=Aerosol Surface Area).
The aerosol NQ measurements are from the Aerosol Mass Spectrom@téng et al, 2006.

purpose of this comparison is to assess how it compares tand NbOs based on NMHCs and aerosol measurements, re-
a more complete chemical model. There are two key differ-spectively, was less than one hour. Thus, although the steady
ences between the MCM model and the steady-state calcistate calculation may not have included all of the possible
lations. First, the MCM includes several thousand speciesreactions of NQ and may therefore have underestimated
whose concentration is calculated by the model from theirsinks, the approximation itself was likely valid for most of
measured precursors. About a thousand of these species redhbe night-time NEAQS 2004 data.

with NOgz, but were not included in the pseudo first-order loss

rate coefficient for N@ (kno, in Eq.4) because they were not 4.2 Model-measurements discrepancy

measured. Second, the MCM model does not assume that

NO;3 is in steady-state (see Se2tfor details on the model The discrepancy between the model and the mea-
integration), and therefore it is not susceptible to the break-surements was investigated by plotting the (model-
down of the steady-state approximation, particularly in themeasurements)/measurements ratio vs. selected chemical
period just after sunset when the system requires an induc@nd physical parameters. A selection of these plots fog NO
tion period for NQ and [\hos levels to reach their Steady- is shown in Flgg The data were filtered to exclude day'time
state values. Figui@shows that the steady-state calculations @nd the periods with fog; measurements lower than twice the

were consistently higher than the MCM model, typically by detection limit were also omitted.
a factor between 1.3 and 1.5. The model-measurements discrepancy showed a weak in-

verse correlation with the toluene/benzene ratio, a measure

The correlation between the steady-state calculation anadf the photochemical age of the air mass, suggesting that the
the MCM model was goodr£=0.92, Fig. 3.2), indicat- agreement between the model and the measurements is bet-
ing that the two calculations only disagreed on the abso-+er in photochemically young air masses or in freshly emit-
lute values of N@ concentrations, likely related to missing ted plumes (Fig9). Such air masses tend to have higher
terms in the steady-state expressions. The time to approadlOy levels and thus faster production of W@adicals (Re-
steady-state (calculated by a box modbwn et al, 20033 actionR1). This is also consistent with the weak negative
Aldener et al. 2009 for the average conditions of temper- correlation with acetaldehyde (not shown in F3). a prod-
ature, NQ, O3 and predicted sink rate coefficients of QIO uct of photochemical NMHCs oxidation.
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The most clearly identifiable trend was the positive cor-5.1 N,Os homogeneous and heterogeneous hydrolysis
relation between the model-measurement discrepancy and
DMS concentration (Fig9). The rate coefficient used in Several laboratory experiments (sétkinson et al, 2003
the model for the N@+DMS reaction is consistent with the and references therein) have suggested that homoge-
latest recommendatiortkinson et al, 2003, which has an  neous gas-phase hydrolysis of,® to HNO; has a
estimated uncertainty of 40%. The positive correlation mightrate coefficient sufficient to make the process impor-
therefore indicate an incomplete understanding of the DMStant in the atmosphere. The rate coefficient is small,
oxidation mechanism by N§) particularly in the treatment but the reaction is parameterized as the sum of a
of some of the night-time oxidation products. It must be first (kj,0/=2.5x10-22cm®molecule*s™) and second
noted that while the first steps of DMS oxidation are compar-(kp,0;2=1.8x 10739 cm® molecule™* s71) order process in
atively well known, there are still many uncertainties in the H20, whose ambient concentration is large, so the effective
the distribution and the fate of the oxidation produ@aries  pseudo first-order rate coefficient is significavieitel et al,
et al, 2006 Stark et al, 2007 Osthoff et al., 2009). The 1996 Wahner et al.1998. Homogenous hydrolysis is in-
(model-measurements)/measurements ratio did not show eluded in the IUPAC Gas Kinetics Data EvaluatigitKin-
correlation with the concentrations of other primary NMHCs son et al, 2003 and, as such, was part of the “base” model.
of anthropogenic (e.g. 1-butene) or biogenic (e.g. isoprenefsome previous studieg\(dener et al. 2006 Brown et al,
origin (Fig.9). 2006 have suggested that the kinetics of the homogeneous

Besides gas-phase reactions, the most important removdlydrolysis is inconsistent with field data, while others (e.g.
pathway for the N@N,Os system is the uptake on aerosol, Ambrose et al.2007) have shown better agreement between
which depends on two parameters, the aerosol surface arégeasurements and calculations if homogeneous hydrolysis
and the uptake coefficienty,o (Eq.2). There was no corre- Was included.
lation between the model-measurement discrepancy and the Except for the periods of the R/Brown cruise with fog,
total aerosol surface area (FR). uptake on sub-micron aerosol was always the most important

The value of the uptake coefficient 0585 on sub-micron  10Ss processes ofdDs, with a loss rate betweendL0° and
aerosol, which constituted most of the aerosol surface arex10° molecule cnt3s~1. The reaction rate of pOs ho-
during NEAQS 2004 Quinn et al, 2006, is known to de- mogeneous hydrolysis was, on average, about half that of the
pend on the aerosol composition and RH, although there ig@€rosol uptake, with the second order (ipQ) component
some discrepancy in the literature regarding the RH depen@bout 3—4 times larger than the first order component. Be-
dence (e.gHu and Abbatt1997 Kane et al. 2001, Hallquist cause it is impossible to distinguish between homogeneous
et al, 2003 Thornton et al.2003 Badger et al.2006 Davis and heterogeneous processes in the comparison between the
et al, 2008. However, in this work there was no clear rela- measurements and the model, the impact of this process is as-
tionship between the model-measurements discrepancy argessed here only by comparisons between model runs using
relative humidity or aerosol composition, aside from a weakdifferent parametrizations for each reaction. The results are

negative correlation with ND (Fig. 9). Although this cor- illustrated in Fig.10, which compares the test models with
relation could indicate reduced,®s uptake at higher ni- the “base” model. _
trate concentrations in aerosMéntel et al, 1999 Hallquist Whenk,,02 was set to zero, modelled §s] increased

et al, 2003, it is difficult to interpret and is possibly cor- by 27% (not shown in Figl0) and when bothky,o) and
related with other variables, such as the photochemical agén,op2 Were setto zero, modelled §s] increased by 38%,
of the air mass. Thus, the model-measurement comparisofin average (Figl0a). In the presence of homogeneous hy-
could not identify an obvious trend that could be related todrolysis, the model was less sensitive to changegis .
the variability in the rate of NOs heterogeneous hydrolysis. Increasingyn,os from the “base” value of @3 (Aldener
The sensitivity of the model results to the uptake coeffi- €t al, 2006 to 0.06 (Kane et al. 2001 and decreasing it to
cients of N@ and NoOs will be discussed in more detail in 0.004 Badger et al.2006), caused modelled [Os] to de-

the following section (Sech). crease by 31% and increase by 66%, respectively (Fg.
and c).
Since the “base” model, which included,®s homo-
5 Model sensitivity to selected N@ and N,Os sinks geneous hydrolysis, generally overestimated the measure-

ments, a value ofyn,0,<0.03 would increase the aver-

This section examines several key uncertainties in the losage discrepancy with the measurements (on the occasions
processes for N@and NOs, including the homogeneous when the model underestimated the measurements, a value
and heterogeneous hydrolysis 0p®, the heterogeneous of yn,0,20.004 could result in a better agreement with the
uptake of N@ on aerosol, the dry deposition of N@nd measurements). On the other hand, neglectipg@s\homo-
N2Os to the ocean surface. The response of the model tageneous hydrolysis would cause a much larger overestima-
these uncertainties was investigated by changing the modelon of the measurements, unless it was compensated by a
parameters and comparing the results with the “base” modelfaster uptake on sub-micron aerosol, inconsistent with the
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Fig. 10. Test models vs. “base” model (5] in molecule cnt3). The black line is the fit and the red line is 1:1.

NO34R02 ¥N,05 Of the order of 102 could in general be excluded,
e N20S heterogeneous hydrolysis particularly if NoOs homogeneous hydrolysis were to be ne-
' glected.

These conclusions are in broad accord with previous sur-
face studies in marine environments, all of which found rapid
losses of NOs and identified an important role forJ®s hy-
drolysis in the budgets of Nfand NOs (e.g.Allan et al,
1999 200Q Brown et al, 2004 Vrekoussis et al.2004

NO3+biogenics
19.8%

N205 homogeneous hydrolysis

19.1% Aldener et al. 2006 Ambrose et al.2007. It must be
NO34DNS noted, however, that the limited database of measurements
18.3%  NO3 other gas-phase sinks taken above the nocturnal and/or marine boundary layers

have shown greater variability in the8s loss processes and

Fig. 11. Campaign averaged percent contributions to the totallOnger lifetimes for N@ and N-Os at higher altitudesAllan
N03/N205 IOSS rate dunng the R/‘Browncruise_ et al, 2002 StUtZ et al,2004 BFOWH et a.l, 2006 2007ab)

5.2 NO;j heterogeneous uptake, N@and N,Os dry
deposition
laboratory studies which all suggest that,o,<0.06 (see
Thornton et al. 2003 Folkers et al. 2003 Anttila et al,
2006 Badger et a].2006 McNeill et al, 2006 Park et al,
2007 Dauvis et al, 2008 and references therein).

The model was much less sensitive to the heterogeneous up-
take of NQ. The value ofyno, Was increased by a factor
of 50 from the “base” value of.002 (Thomas et a}.1999

The model response to variations in the valueyQfo, to 0.1 (Mak et al, 2007 to cover a range of possible val-
suggests that this parameter was not responsible for thaes. This led to a decrease in modelled@] by only 20%
model-measurements discrepancy (see also g&tand  in the presence (FidlOd) and a slight increase (5%) in the
that, under the conditions encountered during NEAQS 2004absence (FiglOe) of homogeneous hydrolysis. Therefore,
the value ofyn,05 Was, on average;1x 1072, Values of  even though the uptake coefficient for i@ay be poorly
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Fig. 12. Position and track of the R/Brownwith average local wind direction during four nights of the NEAQS 2004 campaign (16 July, 2,
3 and 5 August). The pie charts show the average (03:00-06:00a.m. GMT) percent contributiondiwvedOoss rate of different species
during the four nights. The peroxy radicals contributions are highlighted in red.

characterized from the available laboratory data, it did not,layers might be presenfA(igevine et al. 200§. In those
at least in this study, have a large impact on the loss rates ofases, deposition to the surface of N&hd NbOs might have
NO3 and NOs. Under conditions with weak §Os losses,  played a more important role.
however, the importance of the heterogeneous uptake gf NO
might be larger.

In the “base” model N@and NOs did not undergo dry 6 NO3 chemistry and peroxy radical interactions
deposition. In a test model, boWyno,) and Vyn,05) Were
setto 10 cms 1, similar to the deposition velocity of HNY  The explicit chemistry of the MCM allowed for a detailed
found by Brown et al.(2004) in a shallow marine bound- analysis of the gas-phase losses ofi\@ith particular focus
ary layer. This resulted in a decrease of the calculated conen the reactivity between NfOand organic peroxy radicals
centrations of NOs by only 6% (Fig.10f), suggesting that (ROy), a significant uncertainty in the fate of NO Using
this process was not very significant under the NEAQS 2004he results from the “base” model, the relative importance of
conditions. Deposition to the surface of N@nd NbOs was the reactions that contributed to the destruction okNas
calculated using a constant boundary layer height of 100 manalyzed in terms of the chemical composition of the sam-
While this is a reasonable approximation and consistent wittpled air masses. On average, during the entire cruise of the
the sonde data for most of the RBfown cruise (i.e. when  R/V Brown N2Os removal by heterogenous or homogeneous
the R/V Brownwas in the open sea), it was not necessarily hydrolysis accounted respectively for24% and~19% of
true when the ship was closer to the coast, where the boundhe total loss rate of the NgN2Os system in the “base”
ary layer height could be more variable and more shallowmodel (Fig.11). The following analysis will be restricted to
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directloss of NQ only —i.e., not considering the indirectloss ~ The average (03:00-06:00 a.m.) contribution togN@ss

of this radical via hydrolysis of pDs. About 57% ofthe total  rate is shown in percent in Fig2. In addition to isoprene
loss rate of the N@N2O5 system was due to gas-phase reac-and DMS, a consistent fraction of the N@ss (~40%) was
tions of NG, mostly with DMS and biogenic NMHCs (iso- due to reactions with a large number of NMHCs, mostly of
preneg-pinene ang-pinene).Aldener et al(2006 derived  anthropogenic origin, each accounting for 5% or less of the
similar contributions from their observations in the same re-direct NO; loss rate. Peroxy radicals accounted for a large
gion during NEAQS 2002, except for the significant role fraction (approximately 40%) of the average direct N®-
(~12%, Fig.11) played by the reactions of NQwith the moval rate (Figl2). The most important contributors were
organic peroxy radicals. CH30, and CHSCH,O, (~6% and~8% of the direct N@

Four nights (16 July and 2, 3, 5 August) were selected tol0Ss, respectively), followed by the peroxy radicals derived
investigate N@ gas-phase reactivity in air masses of differ- from isoprene and anthropogenic NMHCs oxidation.
ent chemical composition. Fog was absent during all of these
nights. These case studies illustrate examples when nigh-2 2 and 3 August: DMS
time chemistry was controlled by anthropogenic hydrocar- ,
bons (16 July), by a mixture of marine and biogenic emis-Puring the nights of 2 and 3 August, the RBfown was
sions (2 August), by DMS (3 August) and by terrestrially I the Gulf qf M{:une, more than 50 km from the coast. The
emitted biogenic hydrocarbons (5 August). In the following local wind direction was from the Southwest on 2 August and
discussion, times will be indicated in GMT (four hours later from the South-Southwest on 3 August (Fi). On both
than local time) and some species will be indicated with theNights, the sampled air masses were rich in DMS, related to
MCM codename rather than the chemical formula, for sim-the relatively long transport over the sea. On 2 August, high

plicity. A table with the corresponding structure can be found concentrations of biogenic hydrocarbons (mostly isoprene:
in the Appendix A. ~70 ppt, on average, between 03:00 and 06:00 a.m.) emitted

from the Maine forests were also measured.

The modelled concentrations of RGhowed that on both
nights the most abundant peroxy radicals weresOfiand
CH3SCH,O,, which together accounted for almost the entire
During the night of 16 July the R/\Brown was off Cape RO, pool (Fig.6.3and13). The peroxy radicaNISOPO2
Ann (MA), about 50 km Northeast of Boston (FitR). The  derived from the nocturnal oxidation of isoprene, contributed
local wind direction was predominantly from the Southwest, |ess than 10% to the total R@oncentration on the night of
i.e. the Boston area. During the first part of the night (before2 august.
06:00a.m.) a mixture of isoprene, DMS and hydrocarbons of on 2 August, the main losses for N@vere DMS, iso-

mostly anthropogenic origin (such as styrene and 2-methylyrene angg-pinene (Fig12). The largest loss was the reac-
1-butene) controlled the concentration of NQWhile DMS  {jon with DMS, which accounted for almost half of the direct
was entrained into air masses transported over water, iSOy, |oss rate. The related peroxy radicals, the most impor-
prene and the anthropogenic NMHCs were likely transportedgnt of which was CHSCHO, (Fig. 12), accounted overall
from the northern Boston area, which was less than 3h upfor ~139% of the direct N@loss rate. This night showed that

6.1 16 July — anthropogenic NMHCs

wind at the average local wind speed of 5MgFig. 12).  ynder certain conditions the reaction of N®ith some per-
The isoprene mixing ratio was almost 0_.5 ppb before sunseg)xy radicals, such as G3CH,O,, can be nearly as rapid as
and decreased rapidly throughout the night. the reaction with reactive NMHCs, such as isoprene.

The modelled concentrations of RGhow that at the be- On 3 August N@ was consumed almost entirely by the

ginning of the night the nitro-peroxy radical formed by the reaction with DMS and with the peroxy radical derived from
reaction between isoprene and NINISOPO2 was the  DMS+NOs; (CH3SCHO», Fig. 12). CH3SCHO, was the
major component of the Rpool, accounting for about one most important organic peroxy radical, followed by €5}
third of the total RQ concentration and twice as abundant (Fig. 13). The two species accounted fo0% and~2% of

as CHO, and CHBSCHO; (Fig. 13). However,NISOPO2  the direct NQ removal rate, respectively. GB, was also
concentration decreased quickly and accounted for only & product of DMS oxidation, via the decomposition of the
small fraction of the organic peroxy radical concentration CH3SO; radical (see Sec8.?).

(<10%) after 03:00a.m.. By contrast, the peroxy radicals

formed from the oxidation of anthropogenic NMHCs showed 6.3 5 August: biogenic NMHCs

an increase after 03:00 a.m., related to measured increases of

anthropogenic NMHCs, likely transported from the Boston During the night of 5 August, the R/MBrown was off the
urban area (Figl2). After 06:00a.m. an influx of NO, coast of Maine, South of the Acadia National Park (Rig).
possibly from local sources, caused the suppression of ROThe sampled air masses were from the Northwest, accord-
(Fig. 13) and the destruction of N§ )by NO3+NO (>90% of  ing to the local wind direction, and were characterized by
the direct NQ destruction rate). large concentrations of biogenic hydrocarbons emitted from
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forested areas near the coast. The measured concentrations

of isopreneg-pinene angs-pinene increased during the first
part of the night until approximately 06:00-07:00a.m., then
decreased as the ship moved away from the coast. Between
03:00 and 06:00 a.m., the average concentrations of isoprene,
a-pinene and3-pinene were 360, 120 and 110 ppt, respec-
tively. These high levels of biogenic compounds led to rapid
NO3 removal, as has been shown in a previous study in the
same areaWarneke et a.2004 Aldener et al.2006.

The modelled concentrations of organic peroxy radicals
(Fig. 13) show that the R@ pool consisted mainly of
peroxy radicals from the reaction of NQwith S-pinene
(NBPINO2, a-pinene NAPINO2 and isopreneNISOPO2.

The most important watNAPINO2 which accounted for
about 40-50% of total RQ. Concentrations of peroxy radi-
cals increased through the night, peaking around 07:00 a.m.,
following variations in the concentrations of their precursors.

Figure12 shows that isoprene,-pinene ang-pinene ac-
counted for the majority of the N§Xestruction rate{86%).
The peroxy radicals derived from the reactions of these hy-
drocarbons with N@, together, accounted for 4-5% of the
direct NG; loss.

The measured concentrations @fpinene ands-pinene
were very similar, but the relative importance @fpinene
as an NQ@ loss was much larger than that gfpinene and
also of that of isoprene, which was present at concentrations
more than twice as large. The contributiorwepinene to the
RO, pool was also larger than the contributionsgepinene
and isoprene (Figl3). This was due to the rapid rate co-
efficient of ¢-pinene+NQ@ which is about 2.5 and 9 times
larger than those oB-pinene+NQ@ and isoprene+Ng) re-
spectively Atkinson and Arey2003.

6.4 Peroxy radicals as NQ sinks

The reaction rate analysis discussed in the previous sections
highlighted the role of peroxy radicals as jl@sses. The
interactions between organic peroxy radicals and; Mé@ve
been studied previously during several field campaigns (e.g.
Mihelcic et al, 1993 Cantrell et al. 1997 Carslaw et al.
1997 Bey et al, 2001, Geyer et al.2003 Platt et al, 2002
Salisbury et a].2007), although most of these studies were
concerned with the source of night-time peroxy radicals (i.e.
from NOgs vs. Gz reactions with NMHCSs) rather then with the
role of RG, in the destruction of the nitrate radical. On three
of the four nights analyzed in detail in this work (Fikp), the
reaction between N9 and CHO, accounted for 2—6% of
the direct loss rate of N§) while other peroxy radicals, like
CH3SCH,O,, accounted for even a larger fraction of pO
destruction (8-13%). Depending on the chemical composi-
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tion of the air mass, other peroxy radicals (e.g. of biogenic orFig- 13. Modelled organic peroxy radicals (BPduring four nights

anthropogenic origin) were significant N@inks and, taken
together, they could account for a large fraction of thesNO
direct loss rate (e.g. on 16 July, FitR).
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tion of NMHCs at night. The total calculated formation rate
of OH during the nights of the NEAQS 2004 cruise was on
the order of (6—2.5x10° molecule*cm®s~1. The forma-
tion pathways were variable, depending on the chemical con-
7 ditions encountered. In air masses rich in biogenic NMHCs
Z (e.g. on 5 August), the most important source of night-time
7 OH was the ozonolysis of the monoterpenes. On most of
7 the other nights analyzed here, the formation of OH was
v dominated by the reactions of H@vith O3 and with NQG.
SV 00 7777777 Alkoxy radicals (RO), formed by the reactions of R@ith
/ Z NOs, contributed to the formation of night-time OH, mainly
O L via their reactions with @to form HO,. In the case of the
0 1020 N densdeoro, | o %010 CH3SCH,0; radical, the dominant pathway to form night-
time OH was via the formation of the methylsulphonyl radi-
cal, followed by decomposition to G, (Sect.3.2).
Fig. 14. Frequency distribution of the percent direct loss of NO Finally, the RQ+NO;3 reactions decrease the removal of
due to reaction with peroxy radicals during the RBvbwn cruise NOy during the night. This process occurs via conversion
(days with fog excluded). of NO, to NOs (ReactionR1), followed by reaction with
NMHCs to form HNG;, which is typically lost to deposi-
tion. However, if a substantial fraction of N®@eforms NQ
The actual impact of peroxy radicals as f€nks depends by reacting with a variety of peroxy radicals the efficiency of
on a number of factors including the presence of local NOthe night-time NQ removal process is reduced. This would
sources (only a few ppt of NO will make N®NO com-  result in more N@ available for photolysis at sunrise, with
petitive with NQs+RO;) and the reactivity of the primary  sjgnificant impact on the formation of#0 Therefore, if the
NMHCs. According to the MCM model calculations, the rgle of peroxy radicals in the direct loss of N@& as large as
reactions with other secondary products of NMHCs oxida-200s, these reactions could have a significant impact on the
tion with NOg was less important, at least under the condi- gxjdative budget of the troposphere.
tions encountered during NEAQS 2004. In air masses rich There are two major uncertainties in this analysis. One
in highly reactive hydrocarbons, such as monoterpenes, thgs in the kinetic parameters used in the Master Chemical
reaction with the hydrocarbons dominated over the reactivitypmjechanism. The reaction mechanism and the rate coeffi-
with their correspondent R((e.g. on 5 August, Figl2). cients of selected peroxy radicals (such agO¥] CoHs05,
The role of peroxy radicals as NGinks is illustrated in - C5Hg0O,, CsH110,, CH3C(0)O5) with NO3 have been mea-
Fig. 14. The percent of the direct loss of N@ttributable  sured in the laboratory{att et al, 1990 Canosa-Mas et al.
to the reactions with R@varied depending on the condi- 1996 Vaughan et a).2006. However, the MCM contains
tions, but the average and median contributions were 19%J]ear|y one thousand organic peroxy radicals and, for the
and 15%, respectively. Although large removal rates 0§NO |arge majority of these, there are no kinetic data available.
due to RQ reaction were rare (the 75th percentile in the dis- Therefore, according to the MCM protocalepkin et al.
tribution occurred at a 32% contribution to direct NI0ss), 1997 Saunders et 312003, the same rate coefficient of
the comparatively high median contribution suggests that thisC,Hs0, (2.5x10-12cm?® moleculet s1) is used for non-
process can be important. In only 25% of the data was theacyl RQ, and the same rate coefficient of @E{O)O»
direct loss of NQ to RO, smaller than 5%. (4.1x10 2 cm® molecule 1 s71) is used for acyl R@. The
There are several consequences to direct loss of W&®  rate coefficient for the CESCHO,+NO;3 reaction was es-
reaction with RQ. Firstly, Aldener et al(2006 speculated, timated at 20x10~12cm® molecule ! s~1 based on similar-
in their study of the NEAQS 2002 campaign, that the discrep-ity with the alkyl peroxy radicals. While these estimates are
ancies between the steady-state calculations and the me@ accord with the present understanding of the chemistry,
surements could be attributed to secondary chemistry beadditional laboratory experiments, particularly for sulphur-
tween NQ@ and second generation reaction products. Thecontaining RQ would improve the accuracy of the calcula-
analysis discussed here suggests that the peroxy radicals céibns and help to assess more precisely the role of peroxy
account, at least in part, for the NQosses missing from radicals as N@sinks.
the steady-state calculations. Including these reactions in the The other uncertainty is in the modelled concentration and
steady-state analysis of field data could help to close the budspeciation of R@. Since there were no measurements of
get of NG. peroxy radicals during the R/8rown cruise, the reliabil-
Secondly, the reactions between peroxy radicals angl NOity of the model in predicting peroxy radicals concentra-
can form OH, via the formation of alkoxy radicals and of tions can only be estimated on the basis of previous model-
HO, (Vaughan et a).2006), thus contributing to the oxida- measurements comparisons. Several studies have compared

25 *7

207

154

% data points
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measurements by PERCA (Peroxy Radical Chemical Am- NO3 and NOs concentrations were calculated by the
plifier, which measures HE-RO,) with the calculations of  model for comparison with measurements made by Cav-
models based upon the MCMCérslaw et al.1997, 1999 ity Ring-Down Spectroscopy (CaRDS). The model overes-
2002 Platt et al, 2002 Geyer et al.2003 Emmerson et al.  timated the measurements by 30-50%, on average. On some
2007 Fleming et al. 2006 Sommariva et al.2007). In nights, better agreement could be obtained by including in
most of these previous studies, the agreement between thtae model the uptake of NDand NbOs on fog droplets,
model and the measurements was typically better than 30%which was the dominant removal mechanism for J\aihd
The models tended to overestimate H(@s measured by N»Os, when it was present.
LIF) during the day, suggesting that R@night be under- The discrepancy between modelled and measureg]NO
estimated. However, the agreement between modelled andnd [N,Os] was studied as a function of different physical
measured H@was within 30—40% during the nigh6§6m-  and chemical parameters as well as aerosol composition. The
mariva et al. 2007 giving more confidence in the model model generally performed better in photochemically young
results of RQ@ at night-time. Therefore, in the absence of air masses and at lower [DMS], which suggests that part of
peroxy radicals measurements with which the MCM modelthe discrepancy might be related to uncertainties in the DMS
could be compared, it can reasonably be assumed that thmechanism. There was no clear correlation with aerosol
model performance was at least similar to the previous modcomposition, except for a weak dependence on nitrate con-
els (i.e. within 30% of the actual concentration). tent, which could also be related to the air mass age.

Assessing the reliability of the modelled speciation of The model was tested to study the response of the chemical
the RGQ pool is more difficult, because it depends on the system to selected kinetic parameters, with particular focus
treatment of peroxy radicals in the MCM, especially at low on N>Os reactivity. The model was run with and without
[NOy], and on the estimates introduced for the missing ki- homogeneous hydrolysis of,Rs and with different values
netic data Jenkin et al.1997 Saunders et 4l2003. Toour  for the uptake coefficients and for the deposition rates of NO
knowledge, there is no experimental information availableand NboOs. The results of these tests suggest that the reactive
that could help to determine how well an MCM-based modeluptake coefficient on aerosat) was most likely>1x 102
could reproduce the actual concentrations of the individualunder most of the conditions encountered during the NEAQS
organic peroxy radicals. 2004 cruise and that, if §Os does not hydrolyze in the gas-

phase, values of the order of 1Dcould be excluded.
i The gas-phase chemistry of N@as studied in detail dur-

7 Conclusions ing some selected nights of the RBfown cruise to deter-
mine the most important N§losses under different chemi-

During the NEAQS 2004 campaign the NOAA research VES~cal conditions. Some nights were dominated bysMDMS

sel R/VBrowncruised off the coast of New England measur- . . : .
; ) . . __chemistry and others showed clear influence of biogenic or
ing, among other chemical and physical parameters, radica . . .
. . anthropogenic compounds. Organic peroxy radicals were
species and their precursors. A model was used to study the L
shown to be significant gas-phase losses fozNthe me-

chemlcal.process.es n th'S. marine environment qnder dlffer'dian contribution of the reactions between Nénhd RGQ to
ent conditions, with a particular focus on night-time chem-

i 0 0
istry. The model was based upon the Master Chemical MechEhe direct N@ loss rate was 15% (the average was 19%) and

: . in some cases, such as when DMS controlled; Hiemistry,
anism (MCM) and constrained to the measurements take . .
. these reactions were the second most important loss term for
onboard the ship.

. NOs after the parent hydrocarbon.
The model was used to calculate OH concentrations for the' - par y .
. . ; - . The uncertainties surrounding N@nd NOs losses, and
entire cruise of the R/ABrownin order to provide a reliable . : )
in particular the homogeneous hydrolysis of¢ and the

estimate of [OH] for the analysis of the field data (e3- - -
thoff et al, 2006 2009). OH calculated by the model was _upta_ke coefficients of Ngand NZO5.’ have been h|gh||gh_ted
in this work and call for more studies on the field and in the

compared to a pgrametnzano;it(halt a_nd RohrerZOOQ . laboratory in order to gain a better understanding of night-
previously used in tropospheric chemistry studies, which,; o :
time processes and their impact on the ozone and nitrogen

was found to likely overestimate [OH] on average by 20— - .
. ) .__budgets. The potential importance of peroxy radicals ag NO
40%, under the conditions encountered during the cruise.. . S ) :
. : - Sinks needs more investigation both in terms of determina-
The model also calculated the concentrations of inorgani

(HO,) and organic (R@) peroxy radicals and determined Sion of the rate coefficients and in terms of ability to measure

the composition of the peroxy radical pool during the entire"ﬁld'\”du‘r’lI peroxy radicals.
R/V Browncruise.
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Appendix A
MCM nomenclature

Table A1. MCM codenames and chemical structures of rele-
vant species.

C5H8 NISOPO2 N
2l ;‘E D—N/F
o
-
APINENE NAPINO2
g .
»
0. -0
>
1
a
A%P /ng
D=N\
a 0—>ae
BPINENE NBPINO2
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